Recently, the mechanisms of storage and release of catecholamine in various tissues have become a topic of interest.
The present study is on the mechanism of release of catecholamine from the adrenal medulla in an in vitro system.
The adrenal medulla seems to provide a suitable system for such an in vitro study, because it contains large amounts of catecholamine in chromaffine granules, about which is much information available (1-8).
Substances known to alter membrane permeability, namely excess potassium ion and acetylcholine were examined. The effects of tyramine and reserpine, drugs which deplete tissue stores of catecholamine were also examined with this system. A preliminary report of part of this work has been published (9). Fig. 2 .
METHODS
2) Effect of calcium ion on the release of catecholamine stimulated by acetylcholine or excess potassium
The slices were incubated with calcium-free Locke's solution for 10 minutes before testing their response to acetylcholine or excess potassium.
As shown in Fig. 3 , acetylcholine or excess potassium had no effect on the release of catecholamine when the slices were incubated in calcium-free Locke's solution. However, the stimulatory effect of acetylcholine or excess potassium could be restored by reintroducing calcium ion into the medium (Fig. 3) .
Therefore, it appears that the stimulatory effect of acetylcholine or excess potassium on catecholamine release is dependent on the presence of calcium ion in the incubation medium.
3) Effect of reserpine and tyramine on the release of catecholamine from adrenal medullary slices As shown in Fig. 4 , addition of reserpine (10-4 M) or tyramine (10-3 M) was found to stimulate the release of catecholamine from the slices. Furthermore, it was found that the effect of reserpine was reduced when calcium ion was omitted from the incubation medium, and regained when calcium ion was again present. However, the response to tyramine was not affected by the presence or absence of calcium ion in the medium (Fig. 5 ).
4) Effect of cocaine on the release of catecholamine from adrenal medullary slices
As shown in Fig. 6 , the increase in catecholamine release caused by acetylcholine or excess potassium was clearly prevented by the addition of cocaine, a so called membrane stabilizer, though cocaine alone had no effect on the release of catecholamine from the slices. Furthermore, it was also found that cocaine had a weak inhibitory effect on the stimulation of release of catecholamine caused by reserpine (Fig. 6 ), but had no effect on the response to tyramine.
5) Effect of calcium and magnesium on the release of catecholamine from adrenal medullary granules
From above results it is suggested that the calcium ion plays a cardinal role in the process of catecholamine release from the adrenal medulla. Experiments were therefore made on whether the calcium ion itself might stimulate catecholamine release from granules of adrenal medulla. As shown in Fig. 7 , calcium ion was found to have a stimulatory effect on the release of catecholamine from isolated granules suspended in 0.3 M sucrose or 154 mM NaCl-5 mM KC1 solution. In sucrose medium the releasing effect of calcium ion is weak or absent at concentrations which have a strong effect in NaCl-KC1 solution. Moreover, it was found that the presence of magnesium in the medium prevented the stimulatory effect of calcium ion. 
DISCUSSION
It is well known that acetylcholine or excess potassium stimulates the release from adrenal glands in vivo but these substances do not increase the catecholamine release from isolated granules of adrenal medulla (12-15).
Our experiments on slices of adrenal medulla also showed that acetylcholine or excess potassium caused an increase in the rate of catecholamine release. Omission of calcium ion from the incubation medium also stimulated the release of catecholamine from the slices. It is of interest that acetylcholine or excess potassium had no effect on the release of catecholamine when the slices were incubated in calcium-free Locke's solution for 10 minutes before testing their response to acetylcholine or excess potassium.
However, the stimulatory effect of acetylcholine or excess potassium could be restored by reintroducing calcium ion into the medium.
Therefore, it appears that the stimulatory effect of acetylcholine or excess potassium on catecholamine release is dependent on calcium ion in the incubation medium. Douglas and Rubin (16) have also reported recently that the effects of acetylcholine or excess potassium in releasing catecholamine from perfused adrenal glands were directly related to the extracellular calcium concentration.
The increase in catecholamine release caused by acetylcholine or excess potassium was clearly prevented by the addition of cocaine, a so-called membrane stabilizer, though cocaine alone had no effect on the release. 
